In recent years Microwave-Assisted Techniques (MATs) have been introduced as a new process design and operation for essential oils extraction, representing a viable alternative to conventional old-type methods of distillation which are routinely used for the isolation of essential oils from herbs, flowers and spices prior to gas chromatographic analysis. The novelty of the technique lies in a microwave heating source generating a mixture of boiling solvent with the raw plant material settled above (or drenched inside). Several variations of distillation techniques are evaluated in terms of substantial energy saving, rapidity, product yield, cleanliness and product quality. Results confirm the effectiveness of MATs, which allow extraction of essential oils in shorter extraction time (up-to 9 times faster), using "greener" procedures and provide a higher quality essential oil with better sensory and antioxidant properties.
Introduction
Essential oils (EO) are key raw materials in the cosmetic, fragrance and food industries. Production of EO for industry comprises two basic steps: extraction (for example, steam distillation, hydrodistillation, simultaneous distillation-extraction) and instrumental analysis {for example, gas chromatography (GC), gas chromatography coupled to mass spectrometry (GC-MS)} for productivity and quality reasons, respectively. While the instrumental analysis takes only 15-30 min, extraction lasts at least for several hours. Extraction is frequently achieved by a prolonged heating with stirring in boiling water.
There are many traditional methods to extract essential oil (EO) from herbal matrices, including distillation {steam distillation (SD) or hydrodistillation (HD)}, pressing, or solvent extraction. Solvent extraction is restricted in many applications, due to the use of organic solvents, and pressing is only profitable for a reduced number of plants. Distillation is the most widely used extraction process which is frequently achieved by a prolonged heating and stirring in water or solvent using a Clevenger [1] , Dean-Stark [2] or Likens-Nikerson [3] apparatus. Thus, the high steam flow required during usually long extraction periods causes thermal degradation of labile compounds, and demands high energy consumption. Regular distillation consumes more than 70% of total process energy and time with high consumption of solvent [4] [5] [6] . Therefore, these techniques should evolve (or be replaced) with the aim of drastically reducing operation time in the sample preparation step under conditions that offer the same level of EO quality and yield. Furthermore, along with the development of "Green Chemistry", the concept of "Green extraction techniques" is becoming increasingly attractive. Microwave energy is a key technology in achieving the objective of sustainable and green chemistry for research, teaching and commercial applications. Solvent free microwave extraction has been conceived following the concepts of solvent free microwave synthesis [7] . When coupled to microwave radiation, solvent free techniques have proved to be of special efficiency as green and economic procedures. Today, EO extraction under microwave irradiation without adding any organic solvent or water (solvent-free) is one of the upcoming extraction techniques that can offer high reproducibility in shorter times, simplified manipulation, reduced solvent consumption and lower energy input.
In the past two decades, microwave technology has proven a powerful technique to extract EOs. Several papers have been published concerning the application of electromagnetic energy to promote heat generation inside plant material, in order to improve the extraction rate of volatile compounds from herbal matrices [8] [9] [10] [11] [12] [13] [14] . Microwave energy, with a frequency of 2.45 GHz, is well known to have a significant effect on the rate of various processes in the chemical and food industry. Moreover, microwave energy has been used in different extraction processes to obtain EOs and other plant extracts with varied success. The advantages of using microwave energy -a non contact heat source-for the extraction of essential oils from plant materials, could include: more effective heating, faster energy transfer, reduced thermal gradients, selective heating, reduced equipment size, faster response to process heating control, faster start-up, increased production, and elimination of process steps [15] .
As more attention has been devoted to microwave-assisted applications of EO extraction, certain variations of the method have been developed, such as compressed microwave-assisted hydrodistillation (MAHD), microwave-accelerated steam distillation (MASD) [12] , vacuum microwave hydrodistillation (VMHD) [16] , microwave assisted hydrodistillation (MWHD) [17] , solvent-free microwave extraction (SFME) [10] , microwave steam distillation (MSD) [18] and microwave hydrodiffusion and gravity (MHG) [19] . These techniques offer a reduced analysis time, simplified manipulation and work-up, and higher purity of final product [20] [21] [22] .
There is a growing tendency for reports in the literature that mention the acceleration of essential oil extraction by microwave irradiation [9, 16, [23] [24] [25] . As a result, the methods are expressed in slightly different terms and abbreviations, but all representing the
MAT apparatus and procedure
A general apparatus for performing a variety of microwave extraction experiments is depicted in Figure 1 , and practically describes the function of all similar distillation types.
In a typical MAT procedure, a batch of dry plant material (approx. 1/3 of total mixture) is packed in the MAT flask with (or without) water. The raw material forms the packed bed. At the bottom, steam is produced by heating water with microwave irradiation. The distillation system could consist of a Clevenger unit among others (for example, Dean-Stark, Likens-Nikerson). A microwave reactor, operating at 2.45 GHz with a maximum delivered power of 1000W, variable in 10W increments, is used as the heating source. The apparatus has a cylindrical PTFE Pyrex body (12 cm inside diameter and 12 cm long) with a Teflon grid at its lower end. The dimensions of the PTFE coated cavity are 35 cm × 35cm × 35cm. During experiments, time, temperature, pressure and power are controlled by computer software. Temperature is also controlled by a feedback to the microwave power regulator and by an external infrared (IR) sensor. A fixed incident power is applied to the plant material depending in its nature. A wattmeter (W) is added at the generator entrance, in order to measure the power consumption. Steam generated in the lower part of the apparatus passes through the vegetable bed, evaporating and carrying the desired EO, and is then directed towards the condenser, located on the top of the main apparatus body. Following condensation outside the microwave oven, the distillate is decanted to separate oil and water. The excess of water refluxes and recycles to the extraction vessel in order to restore the water. Only steam passes through it without the boiling water mixing with plant raw material, as in the case of hydrodistillation (HD). The extraction is continued at 100°C until no more essential oil is obtained. The EO is collected, dried with anhydrous sodium sulfate and stored at 4 °C until used.
Microwave assisted EO extraction mechanism
For a better understanding of the efficiency provided by MAT processes, temperature has been monitored during microwave experiments, [10, 12, [30] [31] [32] [33] [34] by sensor optical fibers, which were inserted in the centre of the sample and also in the bulk reactor.
The principal limiting step of sample treatment is the extraction of EO from the matrix, which consists in transferring the compounds into boiling water followed by azeotropic distillation, condensation and physical separation. It is frequently achieved by prolonged heating and stirring in boiling water. The internal heating of the in situ water within the plant material distends the oil glands and sacs and leads to rupture of the glands and oleiferous receptacles. This process thus releases EO, which is evaporated by the in situ water of the plant material. For instance, within the orange peels this process creates a sort of microwave superheating phenomenon [8] , which facilitates the distension of the plant cells and liberates the EO more quickly than in the case of conventional steam distillation.
On the other hand, significant damage on the external surface of orange peels [30] was observed in HD extraction, together with some dispersed cellular material. This indicates that the mechanical strain induced by the rapid decompression and the violent vaporization of water has two main effects: dehydrating due to vaporization and a subsequent change in the surface tension of the glandular wall, causing it to crumble or rupture more readily.
By contrast, in conventional SD, operated with the same glassware and by the same procedure, temperatures in the centre of the sample and in the sample cartridge are equivalent. The acceleration of extraction rates under microwaves could be due to the differences of the temperatures when microwaves are applied or not in the cartridge containing orange peels. In a microwave heated reactor, the average temperature of the water can be significantly higher than the atmospheric boiling point. This is due to the fact that the microwave power is dissipated over the whole volume of the solvent-plant material mixture. The most significant way to lose the excess of thermal energy is by evaporation. However, this will only occur at existing liquid-gas interfaces. In a stable superheated liquid, a boiling bubble cannot spontaneously emerge, because it will take for an infinite small bubble, an infinite high internal (vapor) pressure to withstand the surface tension. A boiling bubble MATs; A quick way to extract a fragrance: A Review.
Natural Product Communications Vol. 8 (10) 2013 1495 will, therefore, only occur at nucleation points, where the surface tension is reduced or an initial small gas volume is trapped. Typical nucleation points are scratches and pores at liquid/solid interfaces such as the reactor wall or boiling stones. In a homogeneous reaction medium, nucleation points are absent in the bulk. Therefore, the added heat will only be consumed by the latent heat of evaporation and the cooling at the sides of the reactor. This results in a reversed temperature profile with a steady average reflux temperature above the classical boiling point. This is called microwave induced super heated boiling. The temperature increase (ΔT) can reach 5 to nearly 40 K [8] .
MATs comparison with conversion techniques
In the extraction of EOs from plants, MATs were reported to be more efficient on their application and performance as compared with other conventional extraction methods, such as Soxhlet extraction (SE), conventional hydrodistillation (HD), steam distillation (SD) and cold pressing (CP). A comparison made between MATs and conventional techniques at their respective optimized conditions is shown in Table 1 , which suggests that MAT is a good and reliable method for sample extraction.
The efficiency of MATs strongly relies on the selection of the operating conditions and the parameters affecting the extraction mechanisms and yield. The efficiency factors that may influence the effectiveness of MATs include: solvent nature and solvent feed ratio, extraction time, microwave power and temperature, sample plant characteristics and nature, and effect of stirring. It is important to understand the effects and interactions of these factors on the MAT processes. Thus, this section will highlight some of the facts and guidelines regarding the selection of the operating conditions and also the interaction between the parameters. The optimum operating conditions based on various studies reported in the literature are also summarized in Table 1 .
Solvent nature, quantity, feed ratio and no solvent:
The selection of suitable solvents for the MAT extraction process depends on the solubility of the target analyte, the solvent's penetration and interaction with the sample matrix, and its dielectric constant. Once a suitable solvent has been decided upon, its quantity to feed ratio has to be determined as it affects the extraction yield in most cases [10, 32, 35, 36] . An optimum ratio of solvent to solid ratio ensures homogeneous and effective heating. Excessive solvent causes poor microwave heating as the microwave radiation would be absorbed by the solvent and additional power is required [37] . A low ratio of solvent to solid promotes a mass transfer barrier as the distribution of active compounds is concentrated in certain regions which limits the movement of the compounds out of the cell matrix [37] . Furthermore, the solvent to feed ratio and the vessel size exert an interactive effect in MAT [38] whereby a combination of the factors affects the efficiency of extraction, especially for closed MAT systems. With the same solvent to feed ratio, a smaller vessel tends to generate higher internal pressure compared with a larger one, and hence it can accelerate extraction. However, this choice is not suitable for fragile compounds. Solvent toxicity is also evaluated in selecting suitable solvents for MATs.
Unfortunately, there are some drawbacks and limitations associated with MATs. Non-polar solvents should normally be discouraged as they are poor absorbents of microwave heating. In other circumstances, applications of non-polar solvents cannot be avoided in MATs as the solubility of the compounds of interest is higher than in polar solvents. Hence, fractionation by liquid-liquid extraction is often carried out to acquire volatile compounds after plant extraction. Comparing two non-conventional techniques, SFE offers higher selectivity than MAT and the system can also fractionate the extract during the extraction process by regulating operating conditions [39] . However, SFE requires an expensive setup and severe operating conditions. It is also more favourable in extracting non-polar compounds [39] . The contradicting facts have clearly generated some difficulties in selecting solvents for MATs. However, many polarity associated problems can be overcome by adding modifiers to the non-polar solvents to enhance the microwave absorbing capacity of the solvent [40] . Pretreatment with a polar solvent prior to extraction would also help the situation [41] .
In general, water is, by far, the most used solvent and a good microwave absorber which is primarily used for extracting many volatile compounds from plants. This is supported by the data in Table 1 indicating that the most widely used solvent for MAT EO extraction is water. Moreover, it is also used as a pretreatment agent for SFME [42] . Aqueous dilution of certain organic solvents is desired for some extractions as the presence of water would improve the penetration of the solvent into the sample matrix and thus enhance heating efficiency [40] . The water content affected differently various compounds of Zanthoxylum bungeanum Maxim. and Cuminum cyminum L. [32] . For these compounds, which can be oxidized easily, the water content was the primary influencing factor and more oxidation products would be produced when less water existed in the reactive system. For compounds which can be hydrolyzed easily, extraction time and water content are the important influencing factors. However, for compounds which can either be oxidized or hydrolyzed, the influence of water content is complicated.
Other organic solvents, such as ethanol, methanol, and acetone, are also found to be effective for extraction. For instance, ethanol was used to extract EO from ginger (Zingiber officinale Roscoe) and a higher yield of EO was obtained compared with extraction using hexane [40] . Of particular note is that the selection of a solvent for MATs cannot be deduced from the conventional extraction methods since solvents that work well in conventional techniques might not be good for MATs. In addition, ethanol can be added to a poor microwave absorber such as hexane to improve the extraction efficiency as in the case of ginger microwave-assisted process (MAP) extraction [40] . Modifiers were added to the solvent to enhance the overall extraction performance of garlic EO [43] . Water was added as a modifier to diethyl ether, hexane, and ethyl acetate to enhance microwave heating efficiency in the EO extraction.
Ionic liquids (ILs) are gaining attention due to their excellent solvent properties: negligible vapour pressure, wide liquid range, good thermal stability, variable viscosity, miscibility with water and organic solvents, good solubility and extractability for various organic compounds [44, 45] . RTILs can improve the deficiency of conventional organic solvents such as lack of molecular selectivity, unfavorable capacity and expensive recovery schemes. As a result, ionic liquids have been incorporated into MATs (ILMSED) and have been found to be more efficient compared with common extraction solvents [45, 46] . [45] [46] [47] (rosemary) EO and Cortex cinnamomi [47] . ILs are preferable for the extraction of precious, degradable compounds, as high solvent power can accelerate the extraction and reduce the risk of over exposure to microwave heating.
The absence of solvent must not be underestimated as the method offers important yields in production of EOs using any of the three major techniques that lack solvent (namely, MDG, MHG and SFME) [13, 19, 28, 29, 36, 42, 48, 49, 51, 57, [60] [61] [62] .
As a summary, the ratio of solvent to solid depends on the nature of the solvent, which is related to its ability to provide microwave heating to the sample, as well as the mobility of extracted compounds in the solvent itself.
Microwave power and temperature:
In general, the extraction yield increases proportionally with increasing microwave power up to a limit, and then the increase becomes either insignificant or declines. [37, 64] Microwave power provides localized heating in the sample and it acts as a driving force for MAT to eradicate the plant matrix so that constituents can dissolve in the solvent.
Increasing the power generally improves the extraction yield and results in shorter extraction times. As power level alone does not give sufficient information regarding the absorbed microwave energy into the extraction system, the term known as energy density [40] , power per mass for a given unit of time, investigates the effect of microwave power on MAT. Once the plant matrix is destroyed by microwave radiation, the volatile and essential substances are released. Higher power level does not give any contribution to the extraction process. High microwave power might cause poor extraction yields due to the degradation of thermally sensitive plant compounds. To verify this fact, scanning electron microscopy (SEM) was employed by several groups to study the MAT mechanism [11, 26, 27, 29, 30, 65, 66] . The results confirmed that microwave radiation has destructive effects on the extraction sample matrix and that rapid extraction occurred when the compounds elute and dissolve in the solvent once the cell is ruptured.
Temperature and microwave power are interrelated as high microwave power raises the extraction temperature of the system. Increasing the temperature causes the solvent power to increase due to a drop in viscosity and surface tension [67] . High microwave power of MATs beyond the optimum operating power reduces extraction yield as thermally sensitive compounds suffer the risk of thermal degradation [68] .
The power of microwave employed usually ranges from 200 to 800 W to provide the impact energy to rupture the cell wall in the extraction ( Table 1 ). The best extraction of Artemisia selengensis Turcz was obtained at 200W, and the extraction reached balance in MATs; A quick way to extract a fragrance: A Review.
Natural Product Communications Vol. 8 (10) 2013 1499 2 min [34] . A good extraction amount was also obtained at 230W for Perilla frutescens L., and the extraction reached balance in 2 min [69] . On the contrary, Schefflera heptaphylla L. [62] needed 800W microwave energy to reach the maximum extraction amount.
In the case of Cuminum cyminum L. and Zanthoxylum bungeanum Maxim., a minimum power of 85W was required without determining the effectiveness by reporting the yield [32] . Moreover, from Table 1 , we can perceive that solvent-free techniques require smaller amounts of energy (about 500 W) than those with solvent. The second mode of operation is more focused on the extraction temperature rather than microwave power. The extraction temperature is set at the desired set point such as 50-100 • C by regulating microwave power. This mode of operation is suitable for thermo sensitive compounds. The third mode of extraction operation is to provide enough impact energy to rupture the cell wall for the extraction as well as to reduce the risk of thermal degradation during the extraction process. This can be done by two alternative ways depending on the microwave system employed.
The first alternative provides continuous, desired power of microwave radiation to the extraction system until it reaches the set point of the extraction temperature, at which the power is regulated to maintain the temperature. The second alternative associates pulse microwave radiation at fixed power to the extraction system. This operation mode employs high microwave power of up to 1000 W to provide excellent impact energy for the extraction. Table 1 , it is obvious that the extraction yield of MATs is higher and requires shorter extraction times compared with other conventional extraction techniques. Attributed to its localized heating mechanism, MATs can be completed in just half a minute, as in the EO extraction from Zingiber officinale Roscoe, whereas it normally takes a few hours when undertaken by conventional extraction [40] . The advantage of MATs is further supported by Zygophyllum album L., in which 30 minutes of MAD is sufficient as compared with 3 hours by HD [63] In orange peel EO extraction, an extraction time of 30 min with MAD provides yields comparable with those obtained after 180 min by means of HD [30] . For Mentha spicata L. [28] compounds with the highest boiling points are largely predominant after only 20 min. In contrast, after 45 min of hydrodistillation the differences in concentration between compounds is definitely less significant than those in MGH and sometimes these differences are completely reversed. Reduction in extraction time from 2 hours to 2 minutes was also observed when applying MATs instead of HD [57] . Other than that, the ability of MATs in reducing sample preparation time and solvent consumption were also reported in spearmint [19] . For Atractylodes lancea [70] , using the MD-HS-SPME method, the isolation of EO was rapidly processed and then analytes were simultaneously extracted and concentrated by using SPME. In a single step, sample preparation needed only 2 min by using the proposed technique.
Extraction time and cycle: From
In order to avoid the risk of thermal degradation and oxidation, the extraction time of MATs usually varies from a few minutes up to half an hour with the exception of SFME where extraction times more than 1 h are necessary for complete extraction of EO. Further extension of extraction time does not favor the SFME, yet the extracted hydrocarbons are subjected to a higher risk of being oxidized and hydrolysed [32] . The investigators continued to propose a method of mixing carbonyl iron powders (CIP) with the moist sample to absorb microwave energy of the extraction. This method can do away with pretreatment and also would effectively shorten the extraction time and reduce the water contents of the required sample [32, 34] . Over exposure to microwave radiation, even at low temperature or low operating power, was found to decrease the extraction yield due to the disassociation of the compounds structure [71] . Therefore, influence of the microwave power can be extended to the extraction time. The optimum distillation time for rosemary was observed to be about 15.5 min from the appearance of the first drop of extract. For extended MAHD time lengths, the decreasing presence of water exposed the leaves to the excessive heating effect of the microwaves, which caused toasting [72] . If longer extraction time is required, the risk of thermal degradation can be reduced through an extraction cycle. This can be manipulated by feeding fresh solvent to the residue and repeating the extraction step to ensure the completion of the extraction [14] .
Plant matrix nature:
The sample state also affects the performance of MATs. The extraction sample is usually fresh (or dried prior to the extraction) for optimum extraction yield of the EO. Moreover, sample treated with solvent for 90 min prior to extraction can enhance the heating efficiency of MATs, promote diffusion and improve mass transfer of EO to the solvent [10, 33] . However, extended pre-treatment time did not improve extraction yields, as the active ingredients may have leached out from the sample matrix before extraction. The dried sample matrix pretreatment with water helps localized heating with microwaves [33] .
As the extraction proceeds, the moisture in the sample matrix is heated up, evaporates and generates internal pressure within the cells, which ruptures them to release the active compounds and hence the extraction yield can be improved [73] . The findings derived from the plant matrix characteristic have led to the development of SFME in EO extraction from several aromatic herbs. Incorporating water pretreatment in SFME would result in a sample moisture content up to 95%, before extraction.
Stirring:
Stirring critically affects the mass transfer process in MATs. However, the significance of this parameter is rarely explored. By stirring, the mass transfer barrier created by the concentrated volatile compounds in a localized region due to insufficient solvent can also be minimized resulting in better extraction yield. In other words, agitation accelerates the extraction speed by accelerating desorption and dissolution of volatile compounds bound to the sample matrix [38] .
Effect of MATs on the chemical composition of EOs
Use of microwaves in EO extraction causes fewer chemical changes of the original plant components like rearrangement, dehydration and isomerization compared with hydrodistillation (HD) [32, 49] . Also, it provides a more valuable EO with higher amounts of oxygenated compounds [10, 13, 31, 32, 35, 49, 57, 60] . In the case of thermo sensitive compounds, degradation can be prevented or reduced upon application of microwave irradiation under vacuum [74] .
EOs are containing organic compounds that strongly absorb microwave energy. Compounds with high and low dipolar moments could be extracted in various proportions by microwave extraction. Organic compounds like oxygenated compounds that have a high dipolar moment will interact more vigorously with microwaves and can be extracted more easily in contrast with aromatic compounds which have low dipolar moments (like monoterpene hydrocarbons) [60] . When the glands were subjected to more severe thermal stresses and localized high pressures, as in the case of microwave heating, the pressure build-up within the glands could exceed their capacity for expansion, and cause their rupture more rapidly than in conventional extraction. Microwave irradiation highly accelerated the extraction process, but without causing considerable changes in the volatile oil composition [42] . Similar effects were pointed out Kokolakis & Golfinopoulos by Pare and Belanger [75] , and Chen and Spiro [76] for the microwave extraction of rosemary leaves in hexane.
MAHD and SD gave rather similar results in their extract composition in lavender flowers. The same number of volatile secondary metabolites was found in the essential oil isolated by either MAHD or SD, with similar yields. Linalool is the main oxygenated component in the essential oil extracted from lavender with equivalent relative amounts for both extraction methods [12] . In this application, microwave irradiation highly accelerated the extraction process, but without causing considerable changes in the volatile oil composition, a phenomenon that had already been described by Pare and Belanger [75] . Similar results were presented in the case of Calamintha nepeta [49] . SFME-distilled oil was composed of 93.7% of monoterpenes and about the same (93.4%) percentage was found in the HD oil. Significantly higher amounts of oxygenated compounds and lower amounts of monoterpene hydrocarbons are present in the EO of orange peels [30] extracted by MAD in comparison with those isolated by HD. The oxygenated fraction of EO samples from MAD (11.7%) was higher than those in HD (7.9%). Monoterpene hydrocarbons are less valuable than oxygenated compounds in terms of their contribution to the fragrance of the EO. Conversely, the oxygenated compounds are highly odoriferous and, hence, the most valuable. The greater proportion of oxygenated compounds in the MAD EOs is probably due to the diminution of thermal and hydrolytic effects, as compared with hydro-distillation, which uses a large quantity of water and is time and energy consuming. Water is a polar solvent, which accelerates many reactions, especially reactions via carbocation intermediates [30] .
Three techniques were applied in isolating rosemary EOs [45] namely, HD, MHD and ILMSED. MHD and HD enabled the detection of most volatile active compounds in EO of rosemary, such as -pinene, camphor, 1,8-cineole and camphene. Slightly higher amounts of oxygenated compounds were present in the EOs of rosemary isolated by ILMSED and MHD in comparison with HD. The monoterpene hydrocarbons comprise the main chemical group in the HD, ILMSED, and MHD EOs. In depth analysis of the oil compositions revealed that higher amounts of oxygenated compounds (34.3%) are present in the EO isolated by MHD in comparison with the oil extracted by HD (32.2%). This is probably due to the diminution of thermal and hydrolytic effects compared with those caused by hydrodistillation, which uses a large quantity of water and is time and energy consuming. In other studies on rosemary extraction, it was suggested that the ILMSED method offers the possibility for a better production of EO from the aromatic plant, and could be a good alternative for the isolation of EO from rosemary leaves [45] . As FTIR spectra can provide useful information for identifying the presence of certain functional groups or chemical bonds in a molecule or an interaction system, this method was applied here to investigate the changes in chemical structures of rosemary before and after extraction by various methods. The FTIR spectra showed that the signal shape and intensity of absorption bands at 1622, 1452, 1361, 1249, and 1160 cm −1 for rosemary did not apparently change after ILMSED [45] , as compared with those detected after the application of MHD HRE, and HD methods, which indicated that the chemical structures of the carbohydrate compounds were intact after extracted by the three methods. The cause of the results was probably related to the fact that water segregated the strong interactions between ILs and carbohydrate compounds of the matrixes [77] [78] [79] . Therefore, the chemical bonding interactions between ILs and sample matrixes were not obvious, which coincides with the study of Du et al. [80] .
In the cases of Zanthoxylum bungeanum Maxim. and Cuminum cyminum L. [32] no unusual compound was extracted in the EOs from two kinds of samples by improved SFME, suggesting that CIP acted as a kind of microwave absorption and energy translation material that did not react with the compounds in EOs.
For Cuminum cyminum L. [32] , the content of oxygenated compounds extracted by HD was the highest (79.6%), the next was 75.7% by conventional SFME, the third 66.7% by MAHD, and the lowest (60.9%) was isolated by improved SFME. However, for Z. bungeanum Maxim. [32] , the content of oxygenated compounds extracted by conventional SFME was the highest (62.1%), the second was 58.0% by HD, the third 56.1% by improved SFME, and the lowest was 54.5% by MAHD. In the case of Xylopia aromatica Lamarck [17] , SFE yielded a larger amount of heavier compounds (sesquiterpenoids, benzenoids and hydrocarbons). SDE was particularly effective for monoterpene hydrocarbon isolation. The HD-and MWHD-essential oils were very close in their composition, but for the same oil yield, the time required for MWHD was one-fourth that for HD extraction.
In Zygophyllum album L. [63] EO analysis showed a big difference in the chemical composition of the oils obtained with MAD and HD, where -terpineol and carvone were the major species in the MAD oil and -damascenone was the most enriched component in the HD oil. This result can be explained by the fact that MAD interferes with polarisation effects that cannot be easily separated from the physical and chemical properties of isolated molecules. The amount of water in the HD method and the heating time are relatively important and could cause the degradation of compounds by hydrolysis, trans-esterification or oxidation.
Seasonal changes result also in changes in the main constituent percentages of the oils and are irregular; this directly affected the quantity and composition of several oils [81, 82] . That also happened to the EO constituents from the leaves and stems of Schefflera heptaphylla L. harvested during four different seasons. [61] Composition variations also appear due to regional diversity, like Agrimonia pilosa Ledeb. [48] harvested in three different Chinese regions. The highest yield was found for the oil obtained by MAHD from plants harvested in Hubei (0.21%), and the lowest for the oil extracted by HD from plants collected in Zhejiang region (0.15%). The percentages of the main constituents of the oils varied according to the region of Agrimonia pilosa Ledeb. sample origin. Hexadecanoic acid was the major compound of all EOs, with contents ranging from 11.1 to 41.2%, with the maximum and minimum amounts found in the oil obtained by HD from plants collected in Hubei region and in the oil extracted by MAHD from plants harvested in Zhejiang region, respectively [48] . It has been reported that microwave irradiation is a good pre-treatment method that can maintain higher retention rates of two major antioxidants (carnosic acid (CA) and rosmarinic acid (RA)) in rosemary leaves than those isolated from non-pretreated leaves under four different three-week storage conditions [66] . Other studies on Plumeria rubra L. (PRL) and Plumeria rubra var. acutifolia (PRLA) cultivated in China [83] , Fructus forsythiae [53] and Dryopteris fragrans [51] stated that the antioxidant compounds were retained.
Potential scale-up and industrialization
From the economic aspect, which is a key element to industrialization, MATs are feasible as they require moderate cost of equipment setup and are much cheaper as compared with nonconventional extraction methods such as supercritical fluid extraction (SFE) [39] . The reduced cost of extraction is clearly MATs; A quick way to extract a fragrance: A Review.
Natural Product Communications Vol. 8 (10) 2013 1501 advantageous for the proposed MAHD for lavender flowers [12] in terms of time and energy. It has also been reported that MAD in orange peels could also be used to produce larger quantities of essential oils by using existing big scale microwave extraction reactors. These microwave reactors are suitable for the extraction of 10, 20 or 100 kg of fresh plant material per time. These reactors could be easily modified and used for MAD extractions [30] . In another report, MSD could also be used to produce larger quantities of orange peel EOs by using existing large-scale extraction reactors with addition of a microwave coaxial antenna [35] . These microwave reactors are suitable for the extraction of 10, 20, or 100 kg of fresh plant material per batch [27] .
An environmentally friendly outcome of the method
MATs could be presented as an "environmentally friendly" extraction method suitable for sample preparation prior to essential oil analysis. MAD is a very clean method, which avoids the use of large quantity of water and voluminous extraction vessels (HD). Many EO extraction methods present eco-friendly advantages in terms of energy consumption and CO 2 amount released during the process. Those emissions are the total amount of greenhouse gas emissions, assessed in carbon dioxide units (tonnes of CO 2 equivalent per year), caused directly and indirectly by a specific manufacturing process. The power consumption has been determined with a wattmeter at the microwave generator entrance and the electrical heater power supply. All calculations have been made according to the literature: to obtain 1 kWh from coal or fuel, 800 g of CO 2 will be released in the atmosphere during combustion of fossil fuel [84] . The energy required to perform the extractions of lavender [12] are 1.5 kWh for SD, and 0.13 kWh for MAHD, respectively. Regarding environmental impact, the calculated quantity of carbon dioxide rejected in the atmosphere is higher in the case of SD (275 g CO 2 /g of EO) than for MAHD (25 g CO 2 /g of EO).
Hydrodistillation required an extraction time of 30 min for heating 2L of water and 200 g of orange peel [30] to the extraction temperature, followed by evaporation of water and EO for 150 min. The MAHD method required microwave heating for 3 min only and evaporation for 27 min of the in situ water and EO of the orange peels. The energy required to perform the two extraction methods are respectively 4.33 kWh for HD, and 0.25 kWh for MAHD. Regarding environmental impact, the calculated quantity of carbon dioxide rejected in the atmosphere is higher in the case of HD (3464g CO 2 /g of EO) than for MAHD (200 g CO 2 /g of EO). The power consumption for olives (Vaucluse, France) [85] for each system was 0.8 kWh for the conventional Dean-Stark (CDS) distillation and 0.07 kWh for the microwave accelerated Dean-Stark (MADS). Regarding environmental impact, the calculated quantity of carbon dioxide rejected in the atmosphere is higher in the case of CDS (1000 g CO 2 ) than for MADS (176 g CO 2 ). In a Fructus forsythia [53] study EAMHD, the calculated quantity of carbon dioxide ejected into the atmosphere is higher in the case of HD (3.31 kg CO 2 mL -1 EO) and MHD (1.59 kg CO 2 mL -1 EO) than that of EAMHD (0.75 kg CO 2 mL -1 EO). In the case of Mentha spicata L. [28] the calculated carbon footprint is 1200 g CO 2 for HD vs. 200 g CO 2 for MGH.
Conclusions
Microwave energy is well known to have a significant effect on the rate of various processes in the chemical and food industry [7] . Microwave extraction is a research area which has an impact in several fields of modern chemistry. The distinct advantages of MATs have turned it into a reliable extraction method with high stability and reproducibility [9, 10, 12, 13, 30, [32] [33] [34] [35] [36] 48, 60, 61] suitable to be used in analytical chemistry where precision and repeatability of analytical result are valued most. The high efficiency of MATs is owed to the uniqueness of microwave heating and its interaction with the EO extraction systems enhancing mass transfer.
All the reported applications have shown that microwave assisted extraction is an alternative to conventional techniques for such matrices. Both the re-design of the glassware and the application of microwaves afford a development of a method that serves as an example of its usefulness. The advantages of using microwave energy, which is a non contact heat source for the extraction of EOs from plant materials, include: more effective heating, faster energy transfer, reduced thermal gradients, selective heating, reduced in the EOs equipment size, faster response to process heating control, faster start-up, increased production, and elimination of process steps. Moreover, it provides better yields, higher proportions of oxygenated compounds; greener features (no residue generation and no water or solvent used) and greener production (reduced CO 2 released in the atmosphere), lower production of by-products (when water or no solvent is used in the process); lower cost, and the possibility for a better reproduction of natural aroma than in the hydro-distilled EO. These results mean a substantial saving of time, energy and plant material. Despite some disadvantages (e.g. limited number of suitable solvents) associated with MATs, their advantages are overwhelming. It could be safety stated that, MATs are excellent in terms of their extraction efficiency, technique stability and reproducibility and also their ability to retain the functional values of EOs.
